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A survey by the Na tional Center fo r Health 
Stati stics estim ated th at there were 111 . 1 million 
adults in the United States be tween 18 and 79 yea rs 
o f age during th e yea rs 1960 to 1962. Of these, 3. 1 
million had definit e, and 2 .4 million had suspected , 
coronary heart disease . Definit e myocardial in fa rc-
tion had occurred in an es timated 1.4 million adults 
( USN C HS, 1965 ). The number of pati ents with coro-
nary heart disease. or myocard ial in fa rction, who 
require some fo rm of surgical opera tion will increase 
steadily as th e popula tion increases . Considering th e 
stress o f anesthes ia and surgery. these pa tients pre-
sent problems related to their specific cardi ac pa-
thology. 
In spite of these la rge numbers. few stati sti cs 
are ava ilable about the inc idence of primary o r re-
current myocardia l in fa rction after anes thes ia . Mor-
tality rates and their re lation to age and sex , and to 
type and duration of anesthes ia in ex ist ing reports. 
are based on a relati ve ly small number of cases . Thi s 
revi ew attempts to provide additional da ta on these 
ques tions by analyz ing a 2-yea r experience in a large 
anestheti c practice . 
Material and Method. During the yea rs o f 1967 
and 1968 , 32,877 patients 30 yea rs o f age and over 
underwent some fo rm of ope ration o r di agnostic p ro-
cedure under general anesthes ia at our instituti o n. 
Cardi ac o perations were not included . A mong these, 
422 pati ents had evidence of previous myoca rdia l 
infa rction by history or by elec trocardiography be-
fo re opera tion. Their distribution fo r these yea rs is 
shown in T able I . T wenty-e ight o f them ( 6.6 % ) re-
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infa rcted after operation during the fi rst week, as 
indicated by clinical sy mptoms, elec trocardiogram 
( ECG) . enzyme studies, or postmortem examina-
ti on. Forty-three other patients also had infa rctions 
during this sa me postoperative period-0.13 % of all 
patients without previous history of myocardial in-
fa rction, having anesthes ia ( T able I). 
The rela tionship of patients with previous myo-
ca rdi al infa rction to surgical po pulation by age and 
sex, and their rein fa rction rat io, is shown in T able 2. 
Myocardial infa rction is primarily a disease of men. 
O f every 1,000 anestheti zed , 12.8 patients had had 
a p revious myocardial infa rcti on. Fifteen of 28 pa-
tients died afte r reinfa rction ( 54 % ) , with 12 of 
these dea ths occurring during the fir st 4 8 hours after 
myocard ial infa rction ( 80 % ) ( T abl e 3 ) . F orty-three 
o f th e 7 1 pati ents who infa rcted had no previous evi-
dence of myocardia l infa rction, but 16 had known 
coron a ry hea rt disease with angina. The other 27 had 
no history of coronary disease, but 6 of them were 
TA BL E I. Incidence o f myocardia l infa rc tio n rela ted to 
previous in fa rction. 
History 
Previo us 
myocardia l in fa rctio n 
1967 
1968 
To tal 
No previous 
myocardial infarction 
1967 
1968 
Tota l 
Genera l 
anesthesia 
(no.) 
2 18 
204 
422 
15. 597 
16.858 
32 . 455 
I 
Myocard ia I 
in farct ion 
I Set wk post op 
1~ -1-~-
13 6.0 
15 7 . 4 
28 6 . 6 
19 0 . 12 
24 0. 14 
43 0 . 13 
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TABLE 2. Relation of myocardial infarction to previous infarction and to surgical population. 
Total previous 
General myocardial 
anesthesia infarction / 1,000 
Age (no.) anesthetics 
30 to 39 4 .081 0 . 7 
40 to 49 6 ,906 3.6 
50 to 59 8 ,825 10. 5 
60 to 69 8.375 20.9 
70 to 79 4 .051 27.9 
so+ 639 20 . 3 
Total 32. 877 12 .8 
diabetic and IO had hypertension requiring treat-
ment. The mortality rate of these first infarctions is 
also high . 
The patients received a variety of general anes-
thetic agents and muscle relaxants (Table 4) without 
influencing the incidence of reinfarction. Duration of 
anesthesia ranged from 20 minutes to 6 hours , yet 
the incidence of reinfarction did not change as time 
increased (Table 5). 
The relationship of site and type of operation 
to recurrence of myocardial infarction is shown in 
Table 6. When analyzed by the chi-square test , the 
reinfarction ratio in operations of the thorax and 
upper abdomen was significantly higher (P < 0.001) 
than for other types of operation (Table 6). 
The relationship of incidence of postoperative 
infarction to interval since previous myocardial in-
farction is shown in Table 7 . Thirty-seven percent of 
patients operated on within 3 months of myocardial 
infarction had postoperative reinfarctions. This de-
creased to 16% in patients between 3 and 6 months 
Myocardial infarction Myocard ial infarction 
in men in women 
Previously ,-~~~-Previously Again postop 
3 
24 2 I 
75 5 18 
147 13 28 
90 6 23 I 
10 I 3 
349 27 73 I 
after infarction, and remained 4 to 5 % in patients 
more than 6 months after previous infarction. 
The figure depicts the distribution of myocardial 
infarction on various postoperative days. There were 
significant day-to-day differences in the frequency of 
myocardial infarction , the third day being highest 
(P < 0.01) . 
Six of the 28 patients did not have chest pain 
with reinfarction . Suspicion of an acute infarct came 
from the postoperative ECG, or from clinical findings 
such as irregular pulse, leading to a full investigation. 
Discussion. Coronary heart disease may begin 
early in adult life, but rarely manifests itself before 
45 years of age. Myocardial infarction is much more 
common in men than women, and its prevalence 
rises with age, the 65 to 74-year-age group having 
the greatest incidence . This was also true in the 
surgical population, yet the reinfarction ratio did 
not change significantly in our study for older age 
groups. Our present study also indicates that pa-
tients with previous myocardial infarction who have 
TABLE 3. Preoperative heart disease and myocardial infarction after general anesthesia. 
Myocardial infarction in first wk postop 
Deaths 
In 48-hr-postoperative 
Total myocardial infarction 
Preoperative 
status Cases No. % No. % 
Myocardial infarction 28 15 54 12 80 
Coronary heart disease 
Known 16 14 87 9 64 
Unknown 27 15 56 11 73 
Total 71 44 62 32 73 
150 
general anes thesia and surgery have a SO-times 
greater chance of rein fa rction th an those who do 
not have a history of myoca rdial infarction. 
R eports on rates of postoperative myocardia l 
infarction differ widely . Bae r, et al ( Bae r, et al., 
1965) report that 41 of 150 patients older than 30 
yea rs of age had myocardia l infa rction after opera-
tion. Walker and Macdess i (Walker and Macdessi, 
1966) found evidence of myocardi al infa rction 
among 26 of I 00 patients older th an 65 yea rs. 
Patients in both these studies were ra ndomly selected 
and some had previous myocardial infarction or evi-
dence of coronary heart disease. Kn app, et al 
(Knapp, et al., 1962) reported that among 427 pa-
tients with a previous hi story of coronary occl usion, 
26 had reinfarctions. Arkins, et al (Arkins, et al., 
1964) collected a series of 240 patients with previous 
myocardial infarction, of whom 54 died during the 
first 2 months postoperati ve ly. Mauney et al ( Mau-
ney, et al., I 970) relates a prospec tive study in which 
30 of 365 patients, age 50 yea rs or over. had myo-
cardi al infarction afte r operation, with l 6 dea ths. 
Comparing these figures is difficult because of 
th e wide variety of factors in vo lved such as age , type 
of hospital , methods of diagnosing myoca rdi al in-
farction, other preex isting illnesses, kind of o pera-
tion , and postoperative care. However. one conclu-
sion is common to all report s : the high incidence of 
postoperati ve myocardia l in fa rction in patients who 
had had previous infarction , even when the infarc-
tion was long before operation. 
Fifty-four percent o f our patients who had pre-
vious myocardial in fa rction d ied as a result of re-
current myocardi al infarction (similar to the 53 % 
mortality cited by Mauney, et al [M auney, et al., 
I 970]). By comparison the morta lity rate from myo-
cardi al in farc tion in a genera l hospital is approxi-
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TABL E 4. Relation of myocardial infarctio n to anesthetic 
agents . 
Myocardia l infarction 
Agents and mi xtures 
-1--1---Previ- Again '1o 
o usly postop again 
Thiopenta l. 0 ,. N ,0 , tubocurarine 
With methoxyfiura ne 57 5 8.8 
With halothane 268 18 6. 7 
With ether 66 4 6. 1 
With pen tazocine 
Thiope nta l. 0 ,. N ,O 21 
With ha lot hane, galla mine 
With gall am ine 
With cyclo propa ne 
Thiopenta l. d iazepam 2 
Thiopenta l. 0 ,. surgica l infiltrate 
lnnovar. 0 ,. N ,O, t uboc urar ine 
To ta l 422 28 6.6 
mate ly 30% and in a coronary care unit this may be 
reduced to I 5 to 20 % ( Logue and Hurst, 1970). So 
myocardial infarction, o r recurrent infarction, after 
anes thesia and a major operation, is more serious and 
leth al than myocardi al infarction alone. 
Others have reported that the shorter the inter-
va l from previous myocardial in fa rction to major 
o peration, the grea ter the haza rd of reinfarction 
(Knapp, et al., 1962) . In the series of Arkins et al 
(A rkins, et al., 1964 ), 27 patients had infa rction 
under 3 months old ; I ! of them ( 40 % ) died during 
o r after operation. In IO of these pat ients the cause 
of dea th was directly related to myocardial infarc-
tion. In our se ri es the reinfa rction rate was 37 % 
among the patients with in farct ion less than 3 months 
previously; the inc idence d ropped to 16 % when the 
myocardial infarction was 3 to 6 months old . Be-
cause the reinfa rction rate was stable at 5 % after 6 
TABL E 5. Duration o f anesthesia an d myocardial infa rctio n after ge neral anesthesia . 
Myoca rd ia l infarctio n in men Myoca rdia l infarction in women Myoca rdia l 
I I 
infarctio n 
Anesthesia. Aga in Again again ( 0 ;,J 
min Previously posto p Previously postop (M + W) 
0 to 59 35 3 JI 6.5 
60 to 119 66 4 12 5. I 
120 to 179 39 4 14 7. 5 
180 to 239 20 I 4 4 .2 
240 to 299 12 3 I 6. 7 
300 to 359 2 
Tota l 174 12 44 1 6. 0 
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TABLE 6. Relation of myocardial infarction to site and type of operation. 
Myocardial infarction in men 
I Again Site and type of operation Previo usly postop 
Thorax & upper abdomen ( 113) ( 15) 
Great vessels 49 5 
Lung 14 5 
Other intrathoracic 4 3 
Biliary, upper abdomen 46 2 
Other (236) (12) 
Extraperitoneal abdominal 5 I 
Endoscopic: oral 8 2 
perinea! 5 2 
Perinea! GU 48 2 
Anorectal 7 I 
Vertebral column 14 I 
Extremities, bone 18 2 
Head and neck 13 I 
Miscellaneous 11 8 
Total 349 27 
• Difference between groups is significant (P < 0.001). 
months, elective surgery should be postponed be-
yond this time. Only life-threatening emergencies 
should be considered for surgery less than 6 months 
after a myocardial infarction. 
About one third of patients having myocardial 
infarction alone die in the first 48 hours ( Shapiro, 
et al., 1969). However, 80% of our postoperative 
patients died within 48 hours after myocardial in-
farction, which suggests that arrhythmia, rather than 
a low cardiac output due to myocardial failure, may 
be the primary cause of death . Since these infarcts 
occurred in hospitals , one can reasonably assume that 
a lower mortality rate could be obtained if all those 
Myocardial infarction in women Myocardial 
----i---- infarction Aga in again( % ) 
Previously postop (M + WJ 
(18) (I) (12.2)* 
5 9 
36 
75 
13 I 5 
(55) (4.1)* 
2 14 
25 
40 
4 
14 
2 6 
5 9 
5 6 
41 
73 I 6.6 
patients with previous coronary heart disease and 
myocardial infarction were monitored carefully and 
early measures taken to treat rate and rhythm dis-
turbances. Intensive monitoring and care are needed. 
Several factors may precipitate myocardial in-
farction during and after operat ion, such as tachy-
cardia, hypoxemia, hypotension, hemorrhage, and 
lowered cardiac output ( Dack, 1963). These com-
plications are more frequent after surgery of the 
great vessels, lung, and the upper abdomen. As a 
group, these more major kinds of operation were fol-
lowed by three times more infarctions than any 
other type of operation. This fact indicates the need 
TABLE 7. Relation of myocardial infarction to interval from previous myocardial infarction . 
Myocardial infarction in men Myocardial infarction in women Myocardial 
--::::-1 infarction Again Again again( % ) Months Previously postop postop (M+WJ 
0 to 3 8 3 37 
4 to 6 15 3 4 16 
7 to 12 31 2 11 5 
13 to 18 26 4 
19 to 24 19 I 2 5 
25+ 186 10 46 5 
Old 64 7 9 10 
myocardial infarction , 
age not recorded 
Total 349 27 73 6.6 
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fo r close attention to maint aining optimal blood 
volume and pressure in the postoperat ive period. 
Si x of 28 of our pati ents had silent rec urrent in-
farction discovered electrocard iographically or clinic-
ally after operation. Chest pain at th is time may be 
absent or obsc ured beca use of narcot ics and seda-
tives. Serial electrocardiograph ic tracings daily fo r 
up to a week after operat ion, for compari son with a 
baseline ECG taken prior to operation. are indicated 
in patients who have hypert ension. coronary disease . 
and previous infarction. 
Hypoxe mia when breathing air occurs to some 
degree aft er most general anestheti cs and major op-
erations. We have found in a different study that aft er 
abdomin al surge ry art eri al oxygen ten sion decreases 
for at least 3 postoperat ive days ( 2 % . I I % and 12 % 
respec ti ve ly) . largely clu e to miliary atclectas is. pul-
monary shunting, and possibl y decreased ca rdi ac out-
put (Tarh an. er al., 1969). Another reason, then, for 
hav in g patients who ha ve had previous infa rction, 
and those who have coronary disease, in intensive 
care areas postopera ti ve ly is that they ca n be oxy-
genated better. They need not onl y an increased in-
spired oxyge n tension fo r several days but also 
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speci al attention to chest phys iotherapy-coughing, 
deep breathing, chest pounding, regul ar turning, and 
dangling of the legs. By these mea ns, atelectasis may 
be minimized, myocardial oxygen suppl y kept ade-
quate, and infarction avoided. 
Th at th ere is a tendency for excessive th rombus 
fo rm ation in men who have had previous myoca rdi al 
infarction has bee n suggested ( Goldenfarb, et al., 
1971 ) . The coagulability of bl ood is increased during 
th e second to seventh postoperative days (Grigoryan 
and Alimov. 1969). Res ults of prolonged anticoagu-
lation to prevent recurrent myocardi al in fa rction 
have been controve rsial in the pas t (Sea man. et al., 
1964 ) , yet short-term ( up to I week) prophylactic 
anticoagul ati on fo r postoperati ve recurrent myocar-
di al in farction has not been tried to our knowledge. 
The significance of the combined effects of all 
these factors on the incidence of myocardial infarc-
tion after operation, espec iall y during the third post-
operati ve day (fig. I) . is not clearly documented. 
Cert ainly these high-risk patients should be watched 
closely and treated agress ively. postoperatively, in an 
attempt to make anesthesia and surgery safer for 
them. 
Distribution of MI's to postoperative days 
35 22 
25 
% of infarcts 
15 
5 
0 2 3 4 5 6 
• N um be r of pa ti ent s Postoperative days 
F i~. I - Distribution of myoca n..li al in fan.: ti ons to postoperative days. 
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